Alterations in learning processes and the neural circuitry that supports fear conditioning and extinction represent mechanisms through which trauma exposure might influence risk for psychopathology. Few studies examine how trauma or neural structure relates to fear conditioning in children. Children (n = 94) aged 6-18 years, 40.4% (n = 38) with exposure to maltreatment (physical abuse, sexual abuse, or domestic violence), completed a fear conditioning paradigm utilizing blue and yellow bells as conditioned stimuli (CS+/CS − ) and an aversive alarm noise as the unconditioned stimulus. Skin conductance responses (SCR) and self-reported fear were acquired. Magnetic resonance imaging data were acquired from 60 children. Children without maltreatment exposure exhibited strong differential conditioning to the CS+ vs CS − , based on SCR and self-reported fear. In contrast, maltreated children exhibited blunted SCR to the CS+ and failed to exhibit differential SCR to the CS+ vs CS − during early conditioning. Amygdala and hippocampal volume were reduced among children with maltreatment exposure and were negatively associated with SCR to the CS+ during early conditioning in the total sample, although these associations were negative only among non-maltreated children and were positive among maltreated children. The association of maltreatment with externalizing psychopathology was mediated by this perturbed pattern of fear conditioning. Child maltreatment is associated with failure to discriminate between threat and safety cues during fear conditioning in children. Poor threatsafety discrimination might reflect either enhanced fear generalization or a deficit in associative learning, which may in turn represent a central mechanism underlying the development of maltreatment-related externalizing psychopathology in children.
INTRODUCTION
Childhood trauma, particularly maltreatment, increases risk for psychopathology (Kilpatrick et al, 2003; McLaughlin et al, 2013) . Leading theories suggest that psychopathology following trauma arises through perturbed fear conditioning and associated disruptions in neural circuitry underlying the acquisition and extinction of fear (Jovanovich and Ressler, 2010; Lissek and van Meurs, 2015) . The current study examines relationships among maltreatment, fear conditioning, brain structure, and psychopathology in children.
Traumatic events occurring early in development are likely to influence fear conditioning. Children frequently develop fears of both real and imagined threats as they learn to distinguish between threat and safety cues in their environment. Developmental variation in fear conditioningparticularly, extinction learning-occurs in rodents (Kim and Richardson, 2010; Patwell et al, 2012) and humans (Glenn et al, 2012; Shechner et al, 2014b) . In rodents, exposure to threatening early environments alters fear conditioning, resulting in enhanced acquisition and reduced extinction of fear (Matsumoto et al, 2008; Toledo-Rodriguez and Sandi, 2007) . Moreover, maltreated children exhibit lasting alterations in threat processing, including heightened attention and greater neural responses to potential threats (McCrory et al, 2011; McLaughlin et al, 2015; Pollak and Tolley-Schell, 2003) . Although conceptual models argue that child maltreatment leads to lasting alterations in fear conditioning (McLaughlin et al, 2014b; Sheridan and McLaughlin, 2014) , surprisingly little research has examined this possibility in children. We do so in the current study.
The neural circuitry underlying fear conditioning is conserved across species (Johansen et al, 2011; Kim and Jung, 2006) . Relevant brain regions include the amygdala, where information about the conditioned stimulus (CS) and unconditioned stimulus (US) converges to facilitate fear acquisition; the hippocampus and ventromedial prefrontal cortex (vmPFC), which support extinction learning and retrieval; and the dorsal anterior cingulate cortex (dACC), which is involved in fear expression. Morphology of these regions relates to individual differences in fear acquisition and extinction; amygdala volume is negatively associated with fear acquisition in rodents and human adults (Hartley et al, 2011; Yang et al, 2008) . dACC thickness is associated with enhanced fear acquisition (Milad et al, 2007) , whereas vmPFC thickness is associated with retention of extinction learning in humans (Hartley et al, 2011; Milad et al, 2005) . Reduced amygdala and hippocampal volume and vmPFC thickness and volume have been observed among maltreated children (Hanson et al, 2010 (Hanson et al, , 2015 , which may contribute to alterations in fear conditioning following maltreatment. We are unaware of previous studies examining the link between neural structure and fear conditioning in children.
Together, disruptions in fear conditioning and underlying neural circuitry might represent a pathway leading to heightened psychopathology among children who have experienced maltreatment. Atypical fear conditioning has been observed in multiple forms of psychopathology. Posttraumatic stress disorder (PTSD) is characterized by failure to maintain extinction learning (Milad et al, 2009) and inhibit the fear memory, even in the presence of safety cues (Jovanovich and Norrholm, 2011; Jovanovich and Ressler, 2010) . Anxiety disorders are associated with exaggerated fear responses during conditioning and extinction learning (Craske et al, 2008; Lau et al, 2008) . In contrast, externalizing psychopathology is associated with blunted fear conditioning and poor discrimination between threat and safety cues (Fairchild et al, 2008) . Examining fear conditioning in maltreated children might clarify how fear conditioning contributes to trauma-related psychopathology.
The current study examines how maltreatment relates to fear conditioning in children, with the hypothesis that maltreatment would be associated with impaired extinction learning. In addition, we examine associations of fearlearning indices with the structure of brain regions involved in fear conditioning to determine whether associations in children mirror those in adults. Finally, we determine whether alterations in fear conditioning are a mechanism linking maltreatment with psychopathology in children.
MATERIALS AND METHODS

Sample
The sample included 94 youths aged 6-18 years who were recruited at schools, after-school and prevention programs, medical clinics, and the general community in Seattle, WA between February 2014 and February 2015. Recruitment efforts aimed to recruit a sample with variation in maltreatment exposure. To do so, we recruited from neighborhoods with high levels of violent crime, from clinics that served a predominantly low-SES catchment area, and agencies that work with families who have experienced violence (eg, domestic violence shelters, programs for parents mandated to receive intervention by Child Protective Services). See Table 1 for socio-demographic characteristics of the sample.
A subset of 60 participants (n = 24 with maltreatment exposure, n = 36 age-and gender-matched controls) completed an MRI scan during a separate visit. Distributions of socio-demographic variables were nearly identical to the larger sample. Procedures were approved by the Institutional Review Board at the University of Washington. Written informed consent was obtained from legal guardians; children provided written assent.
Procedure
Participants completed a fear conditioning task validated for children (Supplementary Figure S1 ; Shechner et al, 2014a) . Images of a blue and yellow bell were used as the CS+ and CS − , counter-balanced across participants. The US was an aversive 95 dB alarm noise. The task involved three phases: preconditioning, conditioning, and extinction. During preconditioning, participants viewed the CS+ and CS − in the absence of the US (four trials each). The conditioning phase involved 10 trials each of the CS+ and CS − ; the CS+ co-terminated with the US in 80% of trials. During extinction, the CS+ and CS − were presented in the absence of the US (eight trials each). The inter-trial interval ranged from 8 to 12 s (mean = 10 s). Participants reported how much they feared, liked, and found the CS+ and CS − unpleasant after each phase using a Likert scale ranging from 0 (none) to 10 (extreme). These ratings were summed (with ratings for liking reverse-scored) to create a self-reported fear composite for each phase.
Equipment malfunctions resulted in loss of physiological data from two participants, one participant declined to complete the task, and one participant discontinued the task during conditioning. These participants were excluded from analysis, resulting in an analytical sample of 90 participants.
Measures
Child maltreatment. Child abuse and domestic violence were assessed using an interview, the Childhood Experiences of Care and Abuse (CECA) interview (Bifulco et al, 1997) , and a self-report questionnaire, the Childhood Trauma Questionnaire (CTQ) (Bernstein et al, 1997) . The CECA assesses caregiving experiences, including physical and sexual abuse; we modified the interview to ask parallel questions about witnessing domestic violence (ie, directly observing violence directed at a caregiver). Inter-rater reliability for maltreatment reports is excellent, and validation studies suggest high agreement between siblings on maltreatment reports (Bifulco et al, 1997) . The CTQ is a 28-item scale that assesses the frequency of maltreatment during childhood, including physical and sexual abuse. The CTQ has good convergent and discriminant validity (Bernstein et al, 1997) .
We used the CECA and the CTQ to create a dichotomous indicator of maltreatment. Participants who reported physical abuse, sexual abuse, or witnessing more than two incidents of domestic violence during the interview or who had a score on the CTQ physical or sexual abuse sub-scales above a validated threshold (Walker et al, 1999) were classified as maltreated. A total of 40.4% of the sample (n = 38) were maltreated. We additionally created indicators of maltreatment frequency using the CTQ sub-scales for physical and sexual abuse, and a measure of maltreatment severity reflecting the number of discrete types of maltreatment each participant experienced.
Participants in the control group had no maltreatment exposure but were not excluded for exposure to other forms of trauma, such as accidents, injuries, and witnessing community violence (assessed using the UCLA PTSD Reaction Index, described below).
Physiological measures. Measures of electrodermal activity (EDA) were acquired continuously throughout the task and served as the primary measure of fear conditioning. EDA was obtained with a Biopac galvanic skin response module (Goleta, CA). Two Ag-AgCl electrodes filled with sodium chloride gel were attached to the distal phalanges of the index and middle finger of the non-dominant hand after the phalanges were cleaned with rubbing alcohol and abraded. The sampling rate was 250 Hz. EDA was analyzed using the AcqKnowledge 4.0 software (Biopac Systems, Goleta, CA). Skin conductance responses (SCR) were calculated following standard procedures (Cacioppa et al, 2007) as the difference from a 1-s pre-CS baseline to peak response in the 1-4 s following stimulus onset, with a minimum response of 0.02 microsiemens (μs). Nine participants were nonresponders based on this threshold and were evenly distributed across the maltreated (n = 5) and control groups (n = 4). Non-responders were included in our analysis, which is standard in fear conditioning studies of children. The results were unchanged when non-responders were excluded.
Neural structure. Scanning was performed on a 3-T Phillips Achieva scanner at the University of Washington Integrated Brain Imaging Center using a 32-channel head coil. T1-weighted multi-echo MPRAGE volumes were acquired (TR = 2530 ms, TE = 1640-7040 ms, flip angle = 7°, FOV = 220 mm 2 , 176 slices, in-plane voxel size = 1 mm 3 ). T1-weighted scans were processed using FreeSurfer version 5.3 (Fischl and Dale, 2000) . Automatic image segmentation and parcellation was used to identify sub-cortical gray matter structures and estimate cortical thickness. The results were inspected and manually edited to optimize accurate placement of gray/white and gray/CSF borders. We examined volume of bilateral amygdala and hippocampus and thickness of dACC and vmPFC (bilateral caudal anterior cingulate and bilateral medial orbitofrontal cortex from the 2005 Freesurfer atlas, respectively).
Psychopathology. Symptoms of PTSD were assessed using child-and parent-report versions of the UCLA PTSD Reaction Index (PTSD-RI) (Steinberg et al, 2004) . The PTSD-RI includes a 13-item trauma screen that we used to create a composite index of non-maltreatment trauma exposure and assesses PTSD re-experiencing, avoidance/ numbing, and hyper-arousal symptoms according to DSM-IV criteria (Five parents whose children did not report exposure to abuse or domestic violence indicated that their child had been exposed to some form of violence on the trauma screen; all analyses were repeated with these five children included in the trauma group and with these five children removed from the analysis; all results were unchanged). The PTSD-RI generates a PTSD symptom severity score and an analog diagnosis and has good internal consistency and convergent validity (Steinberg et al, 2013) . Internal consistency was excellent (α = 0.95 for child and parent versions). Findings were similar for child and parent report; thus we present only child-report data.
Anxiety symptoms were assessed with child report on the Child Anxiety Related Emotional Disorders (SCARED) (Birmaher et al, 1997) , which assesses anxiety disorder symptoms across five domains: panic/somatic, generalized anxiety, separation anxiety, social phobia, and school phobia. The SCARED has good psychometric properties (Birmaher et al, 1997) and had excellent reliability in our sample (α = 0.92).
The Children's Depression Inventory (CDI) (Kovacs, 1992) is a widely used self-report measure of depressive symptoms in children and adolescents. The CDI has good psychometric properties (Kovacs, 1992) . The item pertaining to suicidal ideation was removed. The remaining items were summed to create a total score. The CDI demonstrated good reliability in this sample (α = 0.87).
Externalizing symptoms were reported by parents on the Child Behavior Checklist (CBCL) (Achenbach, 1991) . The CBCL scales are among the most widely used measures of youth emotional and behavioral problems and use extensive normative data to generate age-standardized estimates of symptom severity.
Data Analysis
Average SCR was computed during five phases of the task (preconditioning; early conditioning, trials 1-10; late conditioning, trials 11-20; early extinction, trials 1-8; and late extinction, trials 9-16). A square-root transformation was performed on SCR prior to analysis. To examine SCR as a function of task conditions, we conducted a 5 × 2 repeated-measures ANOVA with Phase (preconditioning, early conditioning, late conditioning, early extinction, late extinction) and Stimulus (CS+, CS − ) as within-subjects factors. Self-reported fear to each stimulus was measured after preconditioning, conditioning, and extinction. A 3 × 2 repeated-measures ANOVA with Phase and Stimulus as within-subjects factors was conducted to examine self-reported fear in response to task conditions.
We added between-subjects factors for maltreatment and psychopathology in models for SCR and self-reported fear. Age and sex were included as covariates.
Following previous research (Milad et al, 2005) , linear regression was conducted to examine associations of neural structure (ie, amygdala and hippocampal volume; thickness of dACC and vmPFC) with SCR to the CS+ and CS − during early and late conditioning and extinction. Age, sex, maltreatment, and total brain volume (for amygdala and hippocampus models only) were covariates.
Finally, we examined whether the association of maltreatment with psychopathology was explained by variation in fear conditioning using standard tests of statistical mediation. We tested the significance of indirect effects using a bootstrapping approach that provides confidence intervals for the indirect effect (Hayes, 2013) .
RESULTS
Fear Conditioning
Fear conditioning occurred in the total sample. For SCR, we observed main effects of Stimulus, F(1,356) = 30.92, Po0.001, with higher SCR to CS+ than CS − , and Phase, F(4,356) = 21.68, Po0.001, with higher SCR during early and late conditioning than preconditioning or either phase of extinction, and a Stimulus × Phase interaction, F(4,356) = 11.12, Po0.001 (Table 2) . Differences in SCR to the CS+ relative to CS − were observed only during early and late conditioning (Po0.001). Age was unrelated to fear conditioning when examined continuously, F(4,348) = 1.13, P = 0.35, or when children (6-12 years) were compared with adolescents (13-18 years), F(4,348) = 1.54, P = 0.19 (see Supplementary Figure S2 ).
For self-reported fear, main effects were found for Stimulus, F(1,174) = 126.19, Po0.001, with higher self-reported fear to the CS+ than CS − , and Phase, F(1,174) = 38.28, Po0.001, with greater self-reported fear during acquisition than preconditioning or extinction, and a Stimulus × Phase interaction, F(2,174) = 70.27, Po0.001 (Table 3) . Differences in selfreported fear to the CS+ relative to CS − were observed following conditioning and extinction (Po0.001) but not preconditioning. Age was unrelated to fear conditioning when examined continuously, F(2,170) = 2.73, P = 0.068, or categorically, F(2,170) = 2.42, P = 0.092 (see Supplementary Figure S3 ).
Maltreatment and Fear Conditioning
We next examined associations with maltreatment. The model for SCR revealed a three-way Maltreatment-by-Stimulus-byPhase interaction, F(4,344) = 3.19, P = 0.014. We examined 
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Total sample fear conditioning separately for children with and without maltreatment exposure. Children without maltreatment exposure exhibited robust conditioning, with main effects of Stimulus, Phase, and a Stimulus × Phase interaction, (Po0.001) (Figure 1a ). In contrast, maltreated children exhibited effects of Phase, F(4,136) = 3.39, P = 0.011, but not Stimulus, F(1,136) = 3.85, P = 0.058, nor a Stimulus × Phase interaction, F(4,136) = 0.87, P = 0.49 ( Figure 1b) . Maltreated children exhibited blunted SCR to the CS+ during conditioning, a similar increase in SCR to both the CS+ and CS − during early conditioning, and a differential SCR only during late conditioning. We observed a similar pattern using measures of maltreatment severity (Maltreatment-byStimulus-by-Phase interaction: F(4,340) = 4.40, P = 0.002) and frequency of physical abuse, F(4,344) = 2.39, P = 0.050 but not sexual abuse, F(4,344) = 0.72, P = 0.58. Associations of maltreatment with fear conditioning did not vary by age or sex (all P40.89).
Maltreatment continued to predict SCR during fear conditioning after adjustment for a range of potential confounders. The three-way Maltreatment-by-Stimulus-byPhase interaction persisted after controlling for IQ, poverty, non-maltreatment trauma exposure (eg, accidents, injuries, community violence), symptoms of anxiety and depression, analog PTSD diagnosis, PTSD symptoms, and externalizing problems, (F = 2.37-3.12, P = 0.053-0.014).
Maltreatment was not associated with self-reported fear during conditioning in any model.
Maltreatment and Neural Structure
Maltreatment was associated with reduced amygdala and hippocampal volume and total brain volume but not thickness of dACC or vmPFC (Table 4) .
Neural Structure and Fear Conditioning
Next we examined associations between neural structure and fear conditioning. Amygdala and hippocampus volume were negatively associated with SCR to the CS+ during early conditioning (Supplementary Table S1 ). Amygdala volume was negatively associated with self-reported fear to the CS+ following conditioning and vmPFC thickness was positively associated with self-reported fear to the CS − following conditioning (Supplementary Table S2 ).
We evaluated whether the association of amygdala and hippocampus volume with response to the CS+ during early conditioning varied as a function of maltreatment. Although the interactions of maltreatment with neural structure were not significant, visual inspection suggested that the association of amygdala and hippocampal volume with SCR to the CS+ during early conditioning was negative among children without maltreatment histories but positive among maltreated children (Supplementary Figure S4) .
Fear Conditioning and Psychopathology
Next we examined associations of fear conditioning with psychopathology. Symptoms of anxiety and depression were unrelated to fear conditioning. PTSD, F(4,344) = 2.44, P = 0.047, and externalizing psychopathology, F(4,308) = 2.98, P = 0.019, were associated with SCR (ie, a Group-byStimulus-by-Phase interaction). No such associations emerged for self-reported fear. Children without PTSD exhibited greater SCR to the CS+ relative to CS − during early and late conditioning, with significant main effects of Stimulus and Phase and a Stimulus × Phase interaction (Po0.001). The same pattern was observed for children without externalizing psychopathology (Po0.001). In contrast, children with PTSD exhibited no effects of Stimulus, F(1,52) = 1.52, P = 0.24, Phase, F(4,52) = 2.45, P = 0.058, or a Stimulus × Phase interaction, F(4,52) = 1.16, P = 0.34, indicating an absence of conditioning. Similarly, children with externalizing psychopathology exhibited no effects of Stimulus, F(1,68) = 0.71, P = 0.41, Phase, F(4,68) = 1.90, P = 0.12, or a Stimulus × Phase interaction, F(4,68) = 0.21, P = 0.93.
Critically, although maltreatment continued to be associated with fear conditioning after adjustment for PTSD and externalizing problems, PTSD, F(4,340) = 2.09, P = 0.082, and externalizing psychopathology, F(4,304) = 2.03, P = 0.09, were not significantly associated with fear conditioning after adjustment for maltreatment.
Finally, we evaluated whether the associations of maltreatment with PTSD and externalizing psychopathology were mediated by blunted SCR to the CS+ during early conditioning. The indirect effect of maltreatment on PTSD through fear conditioning was not significant. However, a significant indirect effect of maltreatment on externalizing psychopathology was observed through SCR during early fear conditioning (95% CI: 0.04, 2.58). The indirect effect was also significant for frequency of physical abuse (95% CI: 0.02, 
Preconditioning
Conditioning Extinction a Self-reported fear is a composite of three items reflecting how much participants feared, liked (reverse-scored), and found the CS+ and CS − unpleasant after each phase of the task using a Likert scale ranging from 0 (none) to 10 (extreme).
0.28) but not sexual abuse (95% CI: − 0.03, 0.20) or maltreatment severity (95% CI: − 0.01, 1.13).
DISCUSSION
Disruptions in the acquisition and extinction of conditioned fear may contribute to trauma-related psychopathology (Jovanovich and Ressler, 2010; Lissek and van Meurs, 2015) . Although child maltreatment is a potent risk factor for psychopathology, surprisingly little research has examined disruptions in fear conditioning as a potential mechanism in this association among children. In the current study, maltreated children exhibited blunted SCR to threat cues during fear conditioning and failed to exhibit a distinct SCR to threat and safety cues during early conditioning. Children with maltreatment exposure had reduced amygdala and hippocampal volume, which were associated with SCR to threat cues during early fear conditioning. Children with PTSD and externalizing psychopathology exhibited blunted SCR to threat cues during conditioning. This pattern of altered fear conditioning mediated the association of maltreatment with externalizing psychopathology, indicating that disruptions in fear conditioning might serve as a mechanism of increased risk for externalizing problems among maltreated children. What might explain the absence of threat-safety discrimination among maltreated children during early conditioning? Maltreatment might enhance generalization of conditioned fear to stimuli that resemble threat cues. Color was the only feature that distinguished the threat and safety cue in our paradigm, and maltreated children with trauma histories may have generalized conditioned fear responses from the bell that predicted threat to the bell that signaled safety. Fear generalization is potentially adaptive for children being raised in chronically dangerous environments by facilitating rapid identification of potential threats. A second possibility is that maltreatment results in a more generalized failure of associative learning, making it difficult for children to predict when the US would occur. This interpretation is consistent with extensive evidence documenting reduced IQ in children who have been maltreated (Koenen et al, 2003) . This type of associative learning deficit is associated with heightened contextual anxiety and avoidance (Grillon, 2002) . Future research is needed to distinguish between these potential mechanisms.
Maltreated children also exhibited blunted SCR to threat cues during conditioning relative to children with no maltreatment exposure. Projections from the central nucleus of the amygdala to the lateral hypothalamus and then to the brain stem and spinal cord mediate the autonomic component of conditioned fear responses (LeDoux et al, 1988) . Excessive release of corticotropin-releasing hormone (CRH) from the hypothalamus following exposure to trauma likely results in downregulation of CRH receptors in the pituitary and brain stem, leading to reduced production of cortisol and blunted sympathetic nervous system reactivity in response to potential threats, a pattern frequently observed in maltreated children (MacMillan et al, 2009; McLaughlin et al, 2014a) . Alternatively, this pattern might be explained by the presence of numbing and dissociative symptoms, which are common among maltreated children (Macfie et al, 2001 ). Greater research is needed to clarify these pathways.
Amygdala volume was negatively associated with SCR to the threat cue during early fear conditioning and with selfreported fear during conditioning in the total sample. Evidence from rodent and human studies documents the central role of the amygdala in fear conditioning (Johansen et al, 2011; Kim and Jung, 2006) . Information about the CS and US converges in the amygdala and produces associative synaptic changes that enhance amygdala responses to the CS. Our findings link amygdala morphology to fear conditioning in children, consistent with evidence from rodents and adult humans suggesting that reduced amygdala volume is associated with enhanced acquisition of conditioned fear (Hartley et al, 2011; Yang et al, 2008) . Hippocampal volume was also negatively associated with SCR to the threat cue during early conditioning. This finding was unexpected, given that the hippocampus is involved only in the acquisition of conditioned fear to complex contextual stimuli but not simple sensory stimuli (Phillips and LeDoux, 1992) . Although our conditioning paradigm involved simple sensory cues, it is possible that children associated the US with the environmental context in which fear conditioning occurred; this type of contextual learning involves the hippocampus and has been associated with hippocampal volume in adults (Pohlack et al, 2012) . Additional research is necessary to evaluate the role of hippocampal volume in fear conditioning processes across human development.
Given the association of amygdala morphology with early fear conditioning, we would expect maltreated children to have greater SCR to threat cues during early conditioning. Instead, the opposite pattern was observed in the total sample. However, although the interactions of maltreatment with amygdala and hippocampal volume in predicting SCR to threat cues during conditioning were not significant, closer inspection suggested that these association were negative only among non-maltreated children and were reversed (ie, positive) for children with maltreatment exposure. Given our small sample and lack of significant interaction, these findings should be considered preliminary and warrant replication.
Children with externalizing psychopathology exhibited disruptions in fear conditioning that resembled those among maltreated children. This is consistent with previous work documenting poor differential fear conditioning among youths with conduct disorder (Fairchild et al, 2008) , difficulty discriminating threatening vs safe social situations among children with externalizing problems and among children with a history of violence exposure (Dodge et al, 1995) , and a generalized pattern of blunted sympathetic nervous system reactivity in children with externalizing disorders (Beauchaine et al, 2001; Crowell et al, 2006) . Our findings suggest that blunted SCR to threat cues during early fear conditioning is one potential mechanism linking maltreatment with externalizing psychopathology in children. We provide novel evidence for disruptions in fear conditioning among maltreated children. However, several limitations are worth noting. First, our conditioning paradigm did not include an extinction recall phase. Second, we did not assess contingency awareness. However, it is unlikely that group differences in contingency awareness accounted for our findings, because children reported greater fear to the CS+ than CS − after conditioning and extinction, regardless of maltreatment, suggesting good contingency awareness. Third, the US (ie, a loud noise) was associated with rapid habituation to the CS+, even during the conditioning period, which may have reduced our ability to observe group differences during extinction learning. More potent US (eg, shock) raise ethical and logistical challenges in studies of children. Fourth, we did not assess some potential confounders, such as parent psychopathology, temperament, and pubertal status. Fifth, the associations of neural structure with fear conditioning were modest in magnitude and would not have survived for multiple comparisons, highlighting the importance of replication. Finally, psychopathology was evaluated using questionnaires rather than a clinical interview and anxiety and depression were assessed using childreport only. Replication of our findings in children with externalizing disorders is an important next step.
Child maltreatment is associated with blunted responses to threat cues and poor discrimination between threat and safety cues during fear conditioning in children. Poor threat-safety discrimination might reflect either enhanced fear generalization or a more global deficit in associative learning among maltreated children. Disruptions in fear conditioning might represent a mechanism underlying the development of maltreatment-related externalizing psychopathology in children.
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